Reliable and accurate sequencing of lambda, cosmid and P1 DNAs using modified dye terminator reaction parameters  by Harvey, Robert J. et al.
Technical Tips Online, Vol. 3, 1998
Reliable and accurate sequencing
of lambda, cosmid and P1 DNAs
using modified dye terminator
reaction parameters
Robert J. Harveya, So¨nke Harderb and Mark G. Darlisonb
aDepartment of Pharmacology, The School of Pharmacy, 29–39 Brunswick Square, London, UK WC1N 1AX
bInstitut fu¨r Zellbiochemie und klinische Neurobiologie, Universita¨ts-Krankenhaus Eppendorf, Universita¨t Hamburg, Martinistrasse 52,
20246 Hamburg, Germany
Keywords: Polymerase chain reaction, Cloning & sequencing
▼Many laboratories still find the direct sequencing of large
DNA templates (i.e. lambda, cosmid and bacteriophage P1
clones) problematic. To date, only limited amounts of se-
quence information, which inmany cases is of poor quality,
can be generated from such molecules, even when using
polymerase chain reaction (PCR)-based cycle sequencing
protocols (Ref. 1, 3, 4, 5, 6, 7). To obtain reliable nucleotide
data, it is usually necessary to subclone portions of the DNA
of interest into either a high copy-number plasmid or a
single-strand bacteriophage, such as M13. It would be ad-
vantageous to have a simple and rapid protocol that could
reliably yield large amounts of accurate sequence informa-
tion and that could be employed in conjunction with an
automated fluorescence-based DNA-sequencing apparatus.
Here, we describe optimized reaction parameters (template
concentration, primer length and cycling conditions) for
use with a commercially available dye terminator DNA se-
quencing kit, and show the excellent quality of the data
that can be obtained from either lambda, cosmid or bacte-
riophage P1 DNAs. This procedure is performed in a single
tube, using unmodified oligonucleotide primers, on tem-
plates that do not require extensive purification.
Template preparation
Lambda DNAs (λEMBL3 and λEMBL3 SP6/T7) were pre-
pared from plate lysates as previously described (Ref. 5).
Cosmid DNAs (pWE15) were purified essentially as de-
scribed by Holmes and Quigley (Ref. 2). Bacteriophage P1
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DNAs (pAd10sacBII) were prepared as described by Pierce
et al. (Ref. 8). Note that all template DNAs were treated
with an RNase A /T1 mix (Ambion Inc.) (0.5 U/µl RNase A,
20 U/µl RNase T1) at 37◦C for 5 min, quantified by ultra-
violet spectrophotometry, and finally resuspended in sterile
distilled water.
Sequencing reaction
Template DNA (2 µg lambda DNA, 2 µg cosmid DNA or
4 µg bacteriophage P1 DNA), in a volume of 11 µl of sterile
distilled water, was transferred to a 0.2 ml MicroAmp R©
tube (Perkin-Elmer). To this was added 15 pmol (1 µl) of
oligonucleotide primer and 8 µl of a PRISM Ready Reaction
Taq Cycle Sequencing Kit (Perkin-Elmer) catalogue no.
402080 reaction mix, containing AmpliTaq R© DNA poly-
merase, FS and standard rhodamine dye terminators, or
8 µl of a PRISM BigDye Cycle Sequencing Kit reaction mix
(Perkin-Elmer) catalogue no. 4303149. Cycling was per-
formed in a GeneAmp R© PCR System 2400 Thermal Cycler
(Perkin-Elmer). For lambda DNAs, 25 cycles of 96◦C for 50
sec (denaturing), 50◦C for 50 sec (annealing) and 60◦C for
4 min (extension) were employed together with 17-base
oligonucleotide primers. Cosmid and bacteriophage P1
DNAs were initially denatured at 96◦C for 5 min, and then
subjected to 35 cycles of 96◦C for 50 sec, 55◦C for 50 sec
and 60◦C for 4 min; 21-base primers were used.
Sample processing and analysis
After cycle sequencing, the reaction volume was increased
to 100 µl by the addition of sterile distilled water. The
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FIGURE 1. Sequence data obtained from cosmid DNA. T, red; C, blue; A, green; G, black.
DNA was then extracted once with an equal volume
of phenol/chloroform (1:1) and precipitated by adding
10 µl 3 M sodium acetate (pH 4.8) and 250 µl 95% (v/v)
ethanol. Following centrifugation, the pellet was washed
once with 80% (v/v) ethanol, air-dried for 10 min, and
resuspended in 6 µl loading dye (a 5:1 mixture of deionized
formamide/50 mg/ml dextran blue in 25 mM EDTA, pH 8).
Samples were analyzed on a Prism R© 377 DNA sequencer
(Applied Biosystems). The gel had the dimensions 480 mm
(height)×140 mm (width)×0.2 mm (thickness) and con-
tained 35% (w/v) urea, 3.4% (w/v) acrylamide and 0.1%
(w/v) bisacrylamide in 1×TBE buffer (100 mM Tris, 90 mM
boric acid, 2 mM EDTA); this was run at a constant voltage
of 2400 V at 51◦C for 10 h. The base-calling algorithm
ABI100 was utilized; no manual editing of sequences was
necessary.
Examples of the extent and quality of the data that can
be obtained from cosmid and bacteriophage P1 DNAs are
shown in Figures 1 and 2, respectively. The base-calling ac-
curacy in a sample of P1 sequences (n=9) was 99.7±0.1%
at 500 bases and 99.3±0.2% at 600 bases. Sequence infor-
mation of similar length and quality was also generated
from lambda (100% accuracy at 500 bases; 99.8±0.1% at
600 bases; n=6) and cosmid DNAs (99.7±0.1% at 500 bases;
99.4±0.2% at 600 bases; n=8). Hence, using our protocol,
we are able routinely to obtain long, unambiguous DNA se-
quence reads from all three classes of large DNA templates.
Our primer-directed sequencing procedure has several
applications. First, we believe that our results represent a
significant step towards a viable large-scale primer-walking
sequencing strategy; it is now possible to rapidly sequence
long contiguous stretches of genomic DNA, when cloned
into either lambda, cosmid or bacteriophage P1 vectors,
without having to subclone. Direct sequencing has clear
benefits when analyzing fragments that are resistant to
subcloning and when trying to join contigs. Second, our
protocol should prove to be of value in determining the
organization of any gene where the corresponding com-
plementary DNA sequence is known. Third, it will aid in
the construction of detailed physical maps by simplifying
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FIGURE 2. Sequence data obtained from bacteriophage P1 DNA. T, red; C, blue; A, green; G, black.
the generation of sequence-tagged site (STS) markers by
sequencing from known vector sequences into the genomic
inserts of bacteriophage P1 and cosmid clones (Ref. 3, 8).
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Products Used
RNase A: RNase A from QIAGEN GmbH
RNase: RNase from Sigma
RNase A: RNase A from Sigma
Taq polymerase: Taq polymerase from Boehringer
Mannheim
PRISM Ready Reaction taq Cycle Sequencing
kit: PRISM Ready Reaction taq Cycle Sequencing kit
from PE Applied Biosystems
PRISM BigDye Cycle Sequencing Kit reaction
mix: PRISM BigDye Cycle Sequencing Kit reaction
mix from PE Applied Biosystems
Thermal Cycler: Thermal Cycler from Techne
(Cambridge) Ltd
thermal cycler: thermal cycler from MJ Research
Inc
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